The purpose of this report is to give a general review
Introduction
The local climate phenomena reviewed in this section are less than 104 meters in the horizontal, 103 meters in the vertical and 104 seconds in time scale without consideration of the effect of the rotation of the earth. They are influenced thermally and mechanically by the effects of topography, especially in Japan with complex terrain.
Thermal belts and sea-land breezes are, for example, induced thermally, while foehn and Oroshi-kaze are induced mechanically by the effect of topography.
These phenomena have been subjects of study since the last century, and many of their characteristics have been clarified due to the development of instruments, technology, and methods, used for observations.
In the 1960s and 1970s, sonic anemometers and tethered sondes for field measurements came into use, thus allowing clarification of the characteristics of turbulent transport and the mechanism of atmospheric boundary layers. Moreover, in the 1980s and 1990s, image data were obtained by satellites and IR radiation thermometers, and personal computers capable of calculating complicated models for understanding them became available.
This paper introduces several reports that dealt with the phenomena mentioned above, all of which were published within the last 10 years (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) The intensity of nocturnal cooling and its spatial distribution were analyzed using satel lite data (NOAA/AVHRR and LANDSAT) and numerical terrestrial data in Hokkaido and Shikoku (Matsuoka et al. 1992, Kurose and Hayashi 1993) . Figure 1 shows the distribution of surface temperature measured by NOAA, and indicates the intensity and distribution of nocturnal cooling. Matsuoka et al. (1987) showed the difference in air temperature be tween a basin surrounded by hills and at the center of a plain, comparing air tempera tures and another meteorological elements at Hayakita and Chitose, Hokkaido. In that report, Figure 2 . A model explaining the mechanism of basin fog. Source: Syoukikou Dantai Kenkyuu-kai (1994) . and Y. Hayashi from 18:00 to May 9 to 06:00 May 10, 1982. Cold air lake is indicated by thin silhouette. Source: Toritani (1985a). they explained that this difference depends on the degree of the destruction of the surface inversion layer formed by radiative cooling during the night. Matsuoka et al. (1988) also pointed out that the degree of destruction is controlled by topographic features.
A strong surface inversion occasionally forms and is accompanied by fog settling like a lake over a basin on a cold night. This inver sion is called a cold air lake, and thickness of the fog layer indicates that of the cold air lake. Shimohata (1992) investigated the characteris tics of fog statistically in Hida basin, Gifu prefecture, and showed that it appears main ly from August to October.
The Syoukikou Dantai Kenkyuu-kai (1994) explained the mech anism of basin fogs in the east Ena district, Nagano prefecture, in the central part of Japan, by dividing the night into four periods: the occurrence, development, transition, and decli nation periods. They also pointed out that fog occurrence have a strong connection with radi ative cooling and local-scale winds in the basin (Figure 2 ). To observe the characteristics of the cold air lake, Toritani (1985a) used a tethered balloon in Nagano prefecture, and reported that the synoptic-scale wind had an effect on the height of the cold air lake. The thickness of the cold air lake reached almost one-half the height of the ridges surrounding the basin when the synoptic-scale wind was weak, whereas the thickness reached to 20-30m when the syn optic-scale wind became strong ( Figure 3 ). Kurose et al. (1994) also showed a good correla tion between the depth of basins and thickness of inversion layers in it, using satellite data (Figure 4) .
When strong cooling occurs in a basin, an air temperature inversion is formed on a slope, which is called a thermal belt. The thermal belts have been described by some researchers, using satellite images and IR radiation ther mometers. Kurose and Maki (1988) used IR radi ation thermometer images and showed that the center of a thermal belt was formed at a height of 200m above the foot of Mt. Osa in Kagawa prefecture. Using LANDSAT images, Kurose et al. (1994) also pointed out that the altitude where thermal belts appeared was influenced by those of the feet of slopes where they were formed, and that they appeared at higher levels on slopes surrounded by higher mountains. Kondoh et al. (1992) reported that the thermal belt was not a local phenomenon but extended at least over several hundred kilometers in length in the Kanto plain. They also found that the top of the inversion was at a height of about 100-200m above the foot of the slope, and that this height corresponded to that of the inver sion layer observed at the aerological station located on the edge of the plain near this slope. While studying the mechanism of a thermal belt on a hillside, Kobayashi et al. (1994) clarified that the movement of cold air on the slopes and over the basin produced thermal belts dynamically in a small valley in the north ern part of Kyushu, using an IR radiation ther mometer and tethered balloons.
When thermal belts are formed on slopes, strong stable layers some tens of meters thick are formed in the surface boundary layer on the mid-slope (Nakamura, 1985) . At the same time, a cold air flow called cold air drainage can be found on the slope. Toritani (1985b) indicated that the strength of turbulence and periodicity of the wind speed had a close connection with the thickness of the stable layer formed on the slope. According to his report, the turbulence of cold air drainage was weak and its periodici ty was shorter than 20 minutes when the stable layer was thin, and the turbulence was strong and its periodicity was longer than 20 minutes when the stable layer was thick in Nagano pre fecture. Suzuki et al. (1985) found that the periodicity of air temperature was 1.0 and 1.5 hours at stations located in the valley when mountain wind occurred, and the thickness of the surface inversion was 30-130m in Yamagata prefecture. Owada et al. (1995) an alyze the air temperature fluctuations ob served on a slope in Kamikawa basin, and con cluded that the dominant periods of the fluctua tions were 85, 50-52, and about 10 minutes. Kikuchi and Ishikawa (1992) showed that air temperature fluctuated remarkably during the night due to changes in the thickness of the inversion layer, but found no distinct periodici ty in the time series of wind speed and air temperature.
Concerning the simultaneous evaluation of nocturnal cooling and drainage flow over slopes under weak wind conditions, Sato (1989) pre sented a slope and valley drainage model. Using this model, he showed that the rate of surface cooling on an inclined topography was smaller than that on a horizontal plain due to the enhancement of sensible heat transport by the drainage flow. He also indicated that the velocity of the drainage flow over slopes was sensitive mainly to meteorological conditions and topographic features, and that its thickness was dependent only on the aerodynamic pro perties of the surface and topographic features. Tanaka and Kobayashi (1985) supported Sato's model by showing that cold air flow played little role in nocturnal radiative cooling over an open area on a plateau in Hokkaido. To investi gate the circulation on a slope wind, Mitsumoto (1989) also carried out a model experiment using a temperature-controlled water tank, and showed that the downslope circulation was re stricted in a thin area over the slope with a second circulation above the downslope ( Figure  5 ). This model was supported by observations made by Nakamura (1985) .
Sea-Land Breeze
A sea-land breeze is generated by the sea-land contrasts of thermal and physical characteris tics in a coastal area, and this phenomenon can be recognized by observing diurnal variations in wind direction and air temperature in a coastal area. Chiba et al. (1990) made observa tions on the sea-land breeze in Tosa Bay, Shikoku, and showed that the time of the inva sion of sea breeze into land was earlier in summer than in winter and that its time cor responded well with that of sunrise. They also found that the width of the front of the sea breeze was related to the speed of the sea breeze penetrating into land and its counterflow. Chiba et al. (1993) analyzed AMeDAS data and showed that the time when sea breeze invaded the land had an annual variation more remark able in plain areas than in mountainous ones, and that its speed was about 7km per hour on an the average in these areas.
One of the characteristics of the sea-land breeze is a diurnal variation in wind direction, which is shown clearly using hodographs.
The Kyokuchif u-Kansoku group (1986) observed the sea-land breeze in Oita city, Kyushu, and reported that its hodographs rotated anticlock wise over the area around this seashore. They also found that the anticlockwise hodographs appeared clearly in Kumamoto prefecture, Kyushu (Kyokuchifu-Kansoku group, 1987) . Itoh and Noda (1989) investigated seasonal changes in the rotational direction of diurnal wind using AMeDAS data, and found that there was a remarkable difference in its rotational direction between the east coast and the west coast of the Kui peninsula.
According to their report, the west coast had an anticlockwise ro tation in the warm season and a clockwise rota tion in the cool season, while the east coast had a clockwise rotation in the warm season and an anticlockwise rotation in the cool season.
Local-scale phenomena are usually treated without considering the Coriolis force, but it is difficult to explain the mechanism of sea-land breeze without it, because the horizontal scale is sufficiently large to consider it. The horizon tal scale is considered to be several tens of kilometers to 100km, and the depth of the sea land breeze is generally observed to be several hundred meters and sometimes reaches the top of the atmospheric boundary layer (up to 1,000 m high).
The Kyokuchifu-Kansoku group (1986) found that the depth of the sea breeze was almost 600m high in Oita city using tethered sondes and pilot balloons, and Kobayashi et al. (1995) reported that the hori zontal scale was about 15km from the seashore in Tosa Bay, Kochi prefecture, Shikoku, during helicopter observations. Niino (1987) , on the other hand, used the linear theory model of sea-land breeze circulation and calculated that its horizontal scale was more than 100km.
The Kyokuchifu-Kansoku group (1987) carried out observations using tethered sondes and pilot balloons on the sea-land breeze in Yatsushiro, Kumamoto prefecture, and found that the diurnal variations in the vertical com ponents of the vorticity were affected by topographical features on the land. Chiba et al. (1991) also carried turbulent observations with a Doppler SODAR and showed that the direc tion of the vertical component of the sea breeze varied from downward to upward, and that the scales and extinction coefficient of turbulence changed after sea breeze fronts passed through. The extinction coefficient especially shown to have larger values because of the increase in the wind shear after passage of a front. Table 1 . Foehn-type and bora-type local winds in Japan, and their local names. Source Yoshino (1992) .
As mentioned above, many results of obser vations on the sea-land breeze have been reported, but it is difficult to understand all of its characteristics through such observations. Therefore various numerical models have been. Although most models were non linear and used the finite difference method to consider the effects of topography, Mizuma (1989) pro posed a numerical model of the sea-land breeze based on the spectral method.
This model showed that the strength of land and sea breezes increases linearly with the temperature contrast between land and sea.
Downslope Winds and Lee Wave
Foehn and bora phenomena have attracted climatological and meteorological interest for some decades. Originally, the term "foehn" was the term for the warm, dry wind descending in the lee of the European Alps. The mechanisms of the f oehn phenomenon are recognized as follows: (1) adiabatic heating of ascending air due to condensation of water vapor on the windward side of the mountains; and (2) adia batic descent of the potentially warm air from the upper level to the ground surface by dy namical forcing associated with the flow over mountains.
The apparently simple division of blows, the air temperature becomes higher and the absolute humidity becomes lower than before on the lee-side slope. The bora is a similar fall wind, but when it begins, the air temperature and the absolute humidity become lower than before. This definition can be ap plied regardless of the vertical structure along the cross section, which is not always easy to observe for every case in the field. Using this criteria, typical local winds were divided into foehn and bora type (Table 1) .
Ikawa and Nagasawa (1989) made a brief study of a foehn wind based on results of a numerical simulation of a dynamic model, in stead of hydrostatic models which were demonstrated in previous studies. A foehn index, i.e., a measure of the strength of the foehn, was introduced to compare the numeri cal results and observations.
The foehn was well simulated, even without any adiabatic heating in the presence of an inversion layer. This type of foehn is called a "clear air foehn". Subsequently, Ikawa (1990a , 1990b pointed out that the isentropic surface was broken by the ground over the leeward side of a mountain under the conditions of a hydraulic jump (Fraude number=1•`2) and caused a tempera ture rise on the surface ( Figure  6 ).
The
Yamaji-kaze, a strong downslope foehn wind, was analyzed and reviewed by Saito and Ikawa (1991) and Saito (1993 Saito ( , 1994 Figure 8 . Distribution of sea level pressure under the Kiyokawa-dashi wind at 11:00 JST on July 11, 1987. Source: Suzuki et al. (1988) . similar cloud band, and they reported that the cloud band shifted toward the mountain range with a decrement in the wind velocity.
Local winds also influence agriculture. Maki and Kurose (1988) showed that the downslope wind "Arase" creates warm, dry conditions that protect crops from damage due to dew or frost. This enables spinach cultivation in areas at the foot of mountains.
Locally strong winds are generally dis tributed along narrow passes or valleys. Kimura (1991) introduced a simulation model to describe mechanically induced winds blow ing along valleys over complex terrain.
The wind system accompanying a reverse flow was explained well by two-dimensional simulation. Observations were also made of actual local winds associated with a narrow pass or valley, i.e., Kiyokawa-dashi and Hijikawa-arashi. Suzuki et al. (1988) clarified locally distributed low pressure generated by diversion of the hor izontal airflow over leeward side of valley shaped-terrain under Kiyokawa-dashi condi tions (Figure 8 ). On the other hand, diurnal variation of the local wind of Hijikawa-arashi was analyzed by Mori and Kamata (1994) . The results indicated a close relation to a land breeze.
Convergence of the airflow also occurs over passes near the Inland Sea (Setonaikai).
Con cerning the mechanism of formation of the windy zone, Sahashi (1985) clarified that the lee wave phenomenon was essential. Edagawa (1992) analyzed the strong easterly wind of Dashi-kaze occurring on the leeward side of an isthmus in the northern part of Lake Biwa.
Other strong winds associated with the wester ly during the winter monsoon, i.e., Daimon-kaze and Nishi-kaze, were surveyed by Takano (1985) . These local winds have a significant affect on human life in the snow country of Japan.
Yamase and Related Phenomena
Observations and analyses of Yamase have made progress in the last decade. During the period when Yamase winds blow, the weather is cloudy and is sometimes accompanied by fog or fine rain. The air temperature is thus pre vented from rising. Inoue (1992) measured the amount of fog using a newly designed instru ment for catching fog droplets in the Yamase air mass. He carried out an experimental study from the standpoint of how wetness af fects crop growing during the Yamase. He recognized the existence of two types of Yamase which penetrated into the Kuji and Taneichi areas. One type is a relatively cold, dry Yamase originating from the Okhotsk air mass, and the other is a warm, wet Yamase derived from a bai-u front. Temperature fields were investigated by Kanno et al. (1989) and Kanno (1991) , and the results can be sum marized as follows: Depending on the magni tude of the Yamase, the effects of small-scale mountains, such as the Shimokita hills, on the surrounding temperature distributions are not uniform. On the other hand, Kanno (1993) dis cussed the difference in temperature and hu midity between the Yamase and sea breeze, and pointed out that the relative humidity of the sea breeze was 50-70% and that of the Yamase was 70-90% ( Figure 9 ). Bokura (1986 Bokura ( , 1990 showed that the vertical profiles of the air temperature are modified by the Yamase and that subsequently inversion layers are generated. In case of a shallow inver sion, such as at altitudes where most grazing land lies above the height of the inversion layer, sufficient temperature and solar radiation are provided for grazing areas.
Indications of which type of grazing would be favorable for areas sited above the inversion layer were emphasized, even in the region of the Yamase .
Phenomenon over Complex Terrain
Meteorological and climatological phenome na resulting from airflow over complex terrain exist on many scales, ranging from meso to micro scale. Atmospheric conditions, i .e., wind speed and turbulence of the airflow, also play an important role in each scale. Shiotani (1987) and Kato et al. (1990) made comparisons be tween field observations and wind tunnel ex periments. Kitabayashi et al. (1989) observed the spatial distribution of wind vectors around Mt. Tsukuba and distinguished areas char acterized by the surrounding terrain into four groups using cluster analysis. To observe the local front generated near Mt. Tsukuba , Naito (1991) introduced an observation method using a hang glider and confirmed its efficacy ( Figure  10) .
Orographic effects on the distribution of pre cipitation were treated by Aoyama (1985) and those on sunshine duration were discussed by Kimura (1994) . The former investigated the blocking and shadow effects of complex terrain on the basis of precipitation frequency . The latter computed the dependency of sunshine duration on the complexity of the terrain as related to transportation of moisture. The locality of snow distribution and its pro blems were also investigated. Bokura (1991) found that the name of a locally generated snowfall, the "Yamaseyuki", was derived from the northeast wind accompanying the Yamase Figure 10 . Schematic image of a local front observed by a hang glider Source: Naito (1991) . and analyzed a case that caused severe damage to forestry. From a similar viewpoint, Rikiisni and Hayashi (1995) discussed the relation be tween the snowfall zone ar~d wind convergence created by orographic conditions, and it was concluded that a horizontally converging northeasterly behaved as a generator of deep snow in Aomori city.
Concluding Remarks
The research reports introduced in this review focused on local-scale phenomena, some of which are induced thermally and others me chanically by the effects of topography. Regrettably, papers on heat balance and agri cultural climate in this scale could not be in cluded due to space considerations.
However, these phenomena contain many heat balance processes and affect agricultural productivity, so these problems can be surveyed when read ing the papers mentioned herein.
Currently, unprecedented amount of informa tion on these phenomena is available using new instruments and techniques. However, to un derstand these phenomena in more detail, the information must be synthesized and sys tematized in case studies. Therefore, coopera tive study pursued jointly by researchers who have the same or similar aims, or by observers and modelers, are necessary.
Although more than 60 papers were introduced in this review, half of them were written by a single author, and there were no cooperative studies by ob servers and modelers in them. It is expected that cooperative studies will be planned in these areas in the future. 
